Aim: To evaluate the dental development of Brazilian children and adolescents with cleft lip and palate. Methods: The sample consisted of 107 panoramic radiographs of children and adolescents with cleft lip and/or palate (cleft group) and 107 panoramic radiographs of children and adolescents without cleft lip and/or palate (control group), with chronological ages ranging from 6 to 15 years, matched in gender and chronological age within 60 days. Radiographs were digitized and masked and dental age was assessed using the method described by Demirjian et al. (1973) . Three trained examiners conducted the assessments. Each examiner evaluated the radiographs three times. Data were statistically analyzed using non-parametric tests and univariate linear regression (p<0.05). Results: The dental age was overestimated in relation to the chronological age in both groups (p<0.0001). Compared to the control group, there was a delay in the dental age in the cleft group of 0.17 years (2.1 months). However, no statistically significant difference in the dental age between the cleft and the control group was found even when considering the different cleft types (p=0.152). Conclusions: There was no statistically significant difference in the dental age between the cleft and the control groups. The evaluation of dental development in individuals with cleft lip and palate should be approached in the same way as in individuals without clefts, with a focus on the individualization of diagnosis and treatment planning.
Introduction
Cleft lip and palate is the most common congenital malformation of the face. This morphologic deformity affects 1 in every 1000 births 1 and impacts on quality of life. Specifically, cleft lip and palate compromise dentomaxillofacial aesthetics and function culminating in psychosocial disorders [1] [2] . In this context, treatment is challenging and requires a continuous multidisciplinary approach [2] [3] [4] [5] . Mostly, orthodontic treatment is essential for rehabilitation of aesthetics and function of cleft lip and palate children. However, this treatment is often prolonged due to the complexity of the situation. In order to simplify the treatment approach, accurately knowing the time for orthodontic intervention, assessment of dental maturity is of great clinical relevance 2 . Additionally, information concerning the ideal time for alveolar bone grafting is obtained in forehand, enabling a better surgical planning 4, 6 . In accordance to the clinical relevance of assessing dental maturity in cleft Braz J Oral Sci. 13 [7] [8] [9] [10] and Dutch [11] [12] [13] . Howerer, the accessment of dental maturity in cleft lip and palate patients was not performed in a Brazilian population up to the present date. Based on that, the present study aims to compare the dental development of Brazilian cleft lip and palate patients with a control group paired by chronological age and gender, contributing for further clinical diagnosis and surgical planning.
Materials and methods

Sample Selection
The study was approved by the Ethics Committee of the Division of Health Sciences, Federal University of Paraná (Curitiba, PR, Brazil). The sample consisted of 107 panoramic radiographs of children and adolescents with cleft lip and/or palate (cleft group) and 107 panoramic radiographs of children and adolescents without cleft lip and/or palate (control group), with chronological ages ranging from 6 to 15 years, matched in gender and chronological age within 60 days.
The cleft group sample was obtained from the analysis of medical records and panoramic radiographs of 160 patients with cleft lip and/or palate in a specialized treatment center. Patients presenting incomplete medical records, syndromes, systemic diseases, dental agenesis or missing permanent teeth in the mandibular left hemiarch, low-quality panoramic radiographs, and age below 6 years old or over 15 years old at the radiographic exam date were excluded from the study.
The control group consisted of the data of medical records and panoramic radiographs of children and adolescents without cleft lip and/or palate. The exclusion criteria applied for the case group were repeated for control group sampling.
No racial or ethnic data were recorded for both case and control groups. The subjects included in the sample are mainly from the state of Paraná, located in Southern Brazil. The population of this region is mainly of European descent, but also has individuals of African and indigenous origin. Therefore, the sample is characterized by large racial and ethnic heterogeneity, like most of the Brazilian population.
Scanning and Blinding
In order to avoid potential bias during the analysis, radiographs were digitized masking the identification information, including gender and date of birth. The radiographs were digitized using a scanner (Scanjet G4050) and the software Digitalização HP (Hewlett-Packard Company, Palo Alto, CA, USA). The levels of brightness and contrast indicated by the software were respected. The used standard resolution was 150 PPI (pixels per inch), on a 100% scale. Images were saved in TIFF (Tagged Image File Format), which allows generation of high quality scanned images. To identify the digitized image files, a legend of random numbers was created. Only after completing all the analyses, the examiners had access to the original identification information. In addition, the region corresponding to the maxilla was previously cut, preventing visualization of cleft areas.
Evaluation of Dental Age
Dental age was determined using the method described by Demirjian et al. 14 (1973) . This method is based on the evaluation of the seven left mandibular permanent teeth, excluding the third molar. The formation of each tooth is divided into eight stages, from A to H, from appearance of the first points of calcification until apex closure. Each stage of tooth development corresponds to a score, which is different for males and females. The sum of the scores of the seven evaluated teeth on a panoramic radiograph corresponds to the maturity score, represented on a scale of 0 to 100. The score of maturity, in turn, must be converted into the dental age, using two tables -one for males and other for females.
Radiographs were evaluated in a 20-inch computer monitor in low light environment. Three trained examiners evaluated the radiographs: an oral radiologist, an orthodontist and a dental practitioner. After studying the method and training with 30 radiographs, wich were not included in the sample, each examiner evaluated the radiographs three times with a three-day interval between assessments. An average of the maturity scores obtained in the three assessments of each examiner was calculated and then a final average from the three examiners was established. The final average of maturity scores of the three examiners was converted into the dental age of each patient.
Statistical Methods
Data were analyzed using the Statistical Package for the Social Sciences (version 15.0, SPSS Inc., Chicago, IL, USA). The outcome variable considered for statistical analysis was the dental age. As there was no normal distribution of this variable (Kolgomorov-Smirnov test, p<0.001), nonparametric tests for bivariate analyses were used (chi-square and Mann-Whitney U). To compare the dental age between the cleft and control groups, Wilcoxon test was used due the dependence between observations. This test was also used for the comparison between dental age and chronological age. The relationship between dental age and chronological age in both groups was also analysed by linear regression analysis. A significance level of 5% was adopted.
In order to test accuracy and reability of the method, the intraclass correlation coefficient was used to assess intra-and inter-examiner agreement. The test was applied to the maturity scores obtained in the assessments of the first 30 radiographs. For intra-examiner analysis, the scores of maturity achieved in each of the three assessments of each examiner were compared. For inter-examiner analysis, the averages of the scores of maturity of the three examiners were compared. coefficients of 0.999, 0.998 and 0.994. The result of the interexaminer analysis was 0.995. These results indicate very good intra-and inter-examiner agreement.
Sample Characteristics
Of the 107 pairs of children and adolescents evaluated in the study, 68 (63.6%) were males and 39 (36.4%) were females. The average chronological age was 10.3 years for boys and 9.8 years for girls. Among the individuals in the case group, 72 (68.2%) had cleft lip and palate (CLP), 27 (25.2%) had cleft lip with or without cleft alveolus (CL±A) and 2 (1.9%) had cleft palate (CP). In 6 patients (4.7%), there was an association between CL±A and CP (CL±A + CP). For the CLP and the CL±A, unilateral clefts were more frequent (77%) and the left side was more often affected (63.6%).
The distribution of cleft types by gender is shown in Table 1 . CLP was the most frequent type of cleft followed by CL±A for both genders. The relative frequency of CLP was higher for boys (72.1%) than for girls (61.5%). Oppositely, the relative frequency of CL±A was higher for girls (28.2%) than for boys (23.5%). However, considering the CLP and CL±A groups, no statistically significant difference was found between cleft type and gender (p=0.464). In the CP and CL±A + CP group, the small number of individuals prevented the application of statistical tests to the variables gender and cleft type. Table 2 . Table 2 . Table 2 . Table 2 . Table 2 . Descriptive statistics for the variables chronological age and dental age (y) chronological age and dental age in cleft and control groups. The average dental age in both the cleft and the control groups was higher than the average chronological age. Dental age, therefore, was advanced in relation to chronological age in both groups, which was statistically significant for both groups (p<0.0001). Specifically, the advance corresponded to 0.81 years (9.7 months) for the cleft group and 0.98 years (11.8 months) for the control group. This result shows a delay of 0.17 years (2.1 months) in dental age in the cleft group compared to the control group; however, this difference was not statistically significant (p=0.152). The dental ages of the cleft and control groups were also compared considering the different genders, cleft types and chronological age groups (6-9; 9.1 to 12; 12.1 to 15 years). Once again, no statistically significant difference (p>0.05) was found as shown in Table 3 . Table 4 shows the comparison of dental development between different genders and groups (cleft and control), considering the mean of differences between the dental and chronological age. As it can be seen, there was no statistically significant difference (p>0.05).
Dental Development
A strong and positive correlation between dental age and chronological age in the control and cleft groups was observed (r=0.9348, p<0.001, r=0.9198, p<0.001, respectively). Linear regression was used to show how much of the variation in dental age was explained by chronological age. Estimated regression showed that chronological age alone explained 87.38% of the dental age variation in the control group (Figure 1 ) and 84.61% in the cleft group (Figure 2 Table 3 . Table 3 . Table 3 . Table 3 . 
Discussion
In the medical literature, several authors reported population-specific results for the assessment of dental maturity in cleft lip and palate patients by comparison between cleft and control groups. In some of them, however, the cleft and the control groups were not paired by gender and/or chronological age [7] [8] [11] [12] [13] . In the present study, a control group was designed pairing patients by gender and chronological age, making the present outcomes more suitable to a population-specific survey.
Moreover, in the present investigation a larger sample is observed if compared to previous reports 7,9-13,15-19 highlighting a strong reliability. In addition, contrarily to previous studies [7] [8] [9] [11] [12] [13] 15, [17] [18] [19] [20] a blinding methodology was applied to avoid potential bias during the image analysis. The blinding methodology plays an important part in the study reliability, since the method of Demirjian et al. 14 (1973) presents a certain degree of subjectivity. Some teeth are in intermediate stages of development (e.g. between stages D and E) potentially hampering the process of age estimation. If the examiner knows that the radiography belongs to an individual with cleft, he may tend to choose a premature stage, since the literature reports that the dental development in these individuals is delayed. Therefore the importance of blinding is justified. Furthermore, in relation to the image analysis, it is relevant to note that three calibrated examiners performed the assessment of dental maturity. Only two previous studies 12, 17 report these standards to achieve greater reliability.
The method of Demirjian et al. 14 (1973) was applied in the present sample, revealing a slight developmental delay of the dental age in the cleft group, therefore not statistically significant. Similarly, Eerens et al. 16 (2001) reported a slight delay in the dental development of Belgian children. Despite the concordance, both studies contradict most of the previous investigations 7, [9] [10] [11] [12] [13] 15, [17] [18] [19] [20] , which reported statistically significant delays in the dental development of individuals with cleft lip and palate. Moreover, some studies lack information concerning the performed methodology 7, 15 , hampering adequate interpretations. Yet other authors performed different methods for dental age assessment, not allowing for accurate comparisons 11, 17 . In the study of Bindayel et al. 19 (2014) no control group was used, which may compromise the reliability of the results.
Thus, the differences observed in the current study when compared with other studies that evaluated the dental development of individuals with cleft lip and palate may be explained by the applied methodological design, considering aspects such as sample size, pairing of the sample, blinding, number of examiners and number of radiograph evaluations per examiner. Moreover, ethnic and racial differences among the surveyed populations may have contributed to these differences.
Furthermore, in the present study individuals with agenesis in mandibular left hemiarch were excluded. The etiologic factors of delayed dental development of individuals with clefts seem to be the same factors responsible for the occurrence of dental anomalies in these individuals, as well as for the manifestation of the cleft itself 7, 16, 21 . Moreover, the delay tends to be more pronounced in individuals with agenesis 21 . This may explain the absence of delayed dental development in the individuals with cleft lip and palate observed in this study. We excluded individuals who had agenesis and a possible greater probability of changes in dental development. On the other hand, Ruiz-Mealin et al. 22 (2012) observed delays in the dental development of subjects with agenesis and without any syndrome or medical condition (meaning without clefts). This may suggest that delayed dental development is more associated with the presence of agenesis than with cleft lip and palate.
There was a strong correlation between dental age and chronological age in the control and cleft groups. However, the dental age was advanced in relation to chronological age in the cleft and control groups with a statistically significant difference for both groups. This finding was also reported by other studies [23] [24] [25] that aimed to estimate the chronological age by assessing the dental age using the method described by Demirjian et al. 14 (1973) . These results demonstrate that this method tends to overestimate the dental age when applied to different populations.
For the present study, however, this fact was not relevant, since the goal was not to estimate the chronological age from the dental age. The Demirjian et al. 14 (1973) method was used with the purpose of comparing the dental age of individuals from cleft and control groups with the same chronological age.
No statistically significant difference in dental age between the cleft and control groups was found even when considering the different genders, cleft types and chronological age groups separately. Therefore, one can conclude that the analysis of dental development in individuals with cleft lip and palate should have the same approach used for individuals without clefts, with a focus on the individualization of diagnosis and treatment planning. Table 4 . Table 4 . Table 4 . Table 4 . Table 4 . Means of the differences between dental and chronological ages *Wilcoxon test **Mann-Whitney test
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